ABSTRACT Background: Immediate or delayed breast reconstruction with tissue expanders can be performed in one or several surgical sessions. We opted to perform breast reconstruction over several sessions. The aim of this study was to report our experiences with the breast reconstruction technique involving Becker permanent tissue expanders and complete expander coverage with a flap comprising the pectoralis major, pectoralis minor, serratus anterior, and rectus abdominis aponeurosis. Methods: The medical records of 21 patients who underwent postmastectomy breast reconstruction with Becker permanent tissue expanders were retrospectively analyzed. Results: During muscle flap preparation, the aponeurotic dissection was performed 6-8 cm below the inframammary crease, aiming at full expander coverage without tension, enabling lower suturing in the inframammary crease, and avoiding disruption of the pectoralis major attachments. Only two patients developed infection, one in the first postoperative week and the other in the third postoperative month. Conclusions: The flap comprising the pectoralis major, pectoralis minor, serratus anterior, and rectus abdominis aponeurosis is a good choice for breast reconstruction with permanent tissue expanders because it ensures adequate expander and skin-flap protection. Moreover, the technique enables tissue expansion without confining the expanders in the submuscular cavity.
INTRODUCTION
According to the National Institute of Cancer 1 , the word "cancer" indicates diseases with disordered cell growth, which invade tissues and/or organs and are classified as malignant or benign depending on the degree of invasiveness. Consequently, people fear the word, which has long been synonymous with pain, suffering, shame, and death. According to Sant'Anna 2 , in the case of invasive breast diseases, these feelings intensify, because the breasts are considered a symbol of femininity.
Breast cancer, according to Menke et al. 3 , is a malignant neoplasm with the highest incidence among women, representing 20% of all tumors and accounting for 15% of the tumor-related deaths in women. Worldwide, it is considered a public health problem, with 5 million new cases estimated within 5 years. According to the National Cancer Institute 4 , the associated mortality in Brazil is high because of late diagnosis. It is the most common cancer in women, representing 22% of the new cases annually, with an average 5-year survival rate of 61%. The World Health Organization (WHO) estimated 49,240 new cases for 2010 globally. In 2008, 11,860 deaths were attributed to this type of cancer, almost all (11,735 cases) in women.
In Brazil, 9,240 new cases of breast cancer in women were expected for 2010, with an estimated risk of 49 cases per 100,000 women. In southern Brazil, the estimated risk was 64 new cases per 100,000 women, one of the highest rates in the country. In Rio Grande do Sul, 4,750 new cases were estimated for 2010, and in Porto Alegre, the state capital, the estimated incidence was 1,040 new cases.
Breast cancer is the second leading cause of death among women in Brazil because of late diagnosis, which is common in developing and underdeveloped countries. In developed countries, despite the increased incidence of breast cancer, the mortality has reduced because of early detection 1 . Breast cancer is considered a multifactorial disease, involving both genetic and environmental factors. Mammary carcinogenesis is a complex process, and is divided into initiation, promotion, and progression. In initiation, carcinogens trigger genetic events and activated oncogenes promote abnormal cell proliferation. Tumorsuppressor genes inhibit cell division, repairing deoxyribonucleic acid (DNA) defects. BRCA1 and BRCA2 genes produce proteins required for defective DNA repair. Changes in these genes result in chromosomal instability and inability to repair cell errors in breast tissue. Promotion is a genetic initiating event stimulated by steroid hormones, inflammatory reactions, and growth factors. In progression, the tumor is already established and is capable of tissue invasion and metastasis 3 .
Patients with early stage breast cancer can opt for quadrantectomy or modified radical mastectomy, which may be accompanied by sentinel lymph node removal if the tumor diameter is ≤3 cm. Clinical nodular impairment should not be present during sentinel lymph node removal. Intraoperatively, upon identifying and removing the sentinel lymph node, the need for withdrawal of all chains of axillary lymph nodes can be determined, a procedure called axillary dissection 1 . Surgery is the treatment of choice for breast cancer. The classical radical mastectomy was introduced by William Halsted in 1894, becoming a landmark in breast cancer treatment 3 . Today, for early stage breast cancer, conservative surgical procedures such as quadrantectomy with sentinel lymph node are electively performed; in more advanced cases, modified radical mastectomy with preservation of the pectoral muscles and sentinel lymph node analysis, with or without axillary dissection, is the most suitable treatment.
After quadrantectomy and mastectomy, women can opt for reconstructive surgery with the insertion of silicone implants or saline, or temporary or permanent tissue expanders, through the rectus abdominis, latissimus dorsi, or microsurgical muscle flaps 5 . With the increasing incidence of breast cancer, more cases of mastectomy will be performed and more patients will seek breast reconstruction by a specialist. The plastic surgeon should be prepared to face this disease and, with knowledge and technical skills, greatly contribute to its treatment. Importantly, patients who undergo breast reconstruction have better recovery from the oncological viewpoint, regaining their self-esteem and facing adjuvant treatments such as chemotherapy and radiotherapy with greater encouragement and confidence.
Breast reconstruction can be performed immediately or at a later stage (delayed), according to the preference of the professional or service in charge of the procedure as well as by the patient's choice. Primary or immediate reconstruction is justified by the breast cancer specialist during mastectomy, ensuring better planning of tissue availability for reconstruction, maintenance of tissue vitality, and preservation of larger amounts of skin and muscles. Moreover, the reconstruction is faster because tissues are already available during the surgery, without the need of waiting for 6-12 months to correct the breast deformity 6 . Proponents of delayed breast reconstruction justify their position on the basis of the ability to avoid bruising, infection, bleeding, and loss of muscle flap during mastectomy. They also argue that postoperative radiotherapy can be performed even if not indicated initially by the breast cancer specialist; the need of postoperative radiotherapy may be reconsidered according to the histopathological result, and the treatment increases the risk of complications in the flaps used for breast reconstruction. The delayed surgery is technically easier, with less tissue dissection, more reliable skin flaps, and smaller area of "dead" space. In delayed breast reconstruction, mastectomy and vitality of the local skin flaps are already determined and, in cases of radiotherapy, tissues altered by this procedure are removed and replaced with autologous tissues instead of immediate prosthetic repair 6 . Immediate or delayed breast reconstruction with tissue expanders can be performed in one or several surgical sessions. At our Service, reconstruction is performed over several sessions to enable better adaptation between the reconstructed breast and the contralateral breast. In nippleareolar complex reconstruction, breast volume, size, and shape can be adjusted with or without expansion and repositioning the inframammary crease, which also allows the contralateral breast to be improved.
In our practice, we use adjustable permanent tissue expanders for breast reconstruction, because the procedure can be performed with the breast cancer specialist's participation, enabling suitable preoperative assessment and discussion with the patient regarding the suitable reconstruction technique and the need of postoperative radiotherapy. Such expanders allow dynamic execution of the technique without the use of tissues from other regions, such as latissimus dorsi and rectus abdominis flaps.
Thromboembolic phenomena greatly increase in long anesthetic and surgical procedures; moreover, the risk of infection increases after 4 hours of surgery, putting the implants used for breast reconstruction at risk 6 . Medical staff integration, adequate preoperative planning, and surgical sequencing in compliance with the schedule ensure quick mastectomy and immediate breast reconstruction without intraoperative surprises, which could prolong the surgery and thus increase its inherent risks.
The benefits of immediate breast reconstruction are that patients do not feel mutilated, have their mammary gland unit rebuilt, rapidly return to social life, and regain their previous physical identity.
Breast implants, which emerged in the 1960s, feature different sizes and shapes: round, anatomical, of inferior pole and high, low, medium, or super-high profiles. In Brazil, the implants available for breast reconstruction are as follows: silicone implants, which have a smooth, textured, or polyurethane foam outer surface and an internal padding with silicone gel; tissue expanders, which have a smooth or textured outer surface and an empty interior that can be filled with saline solution through a remote or external valve; and Becker permanent tissue expanders, which are double-lumen devices with a textured outer surface, silicone gel (35-50% of the total expander volume) in the anterior layer, and an empty posterior cavity that can be filled with saline solution (50-65% of the total expander volume) through an external valve 7 .
The alloplastic materials for breast reconstruction, such as tissue expanders and silicone implants, have complications related to their use, including infection (1-10% incidence) and Baker grade 3 or 4 capsular contracture (2-5% incidence), which is the most common complication associated with breast implants in the long term 6 . Capsular contracture is classified, according to the Baker grading system, as follows: Baker grade 1, the breast has a soft consistency and the implant is not palpable; Baker grade 2, slightly palpable capsule; Baker grade 3, the implant is not visible and has palpable hardening; and Baker grade 4, the same characteristics of Baker grade 3 associated with pain. Another possible complication is emptying of the permanent tissue expander, because of problems related to the retention valves in the device, leading to decreased projection of the reconstructed breast tissue.
Implant-related breast hardening occurs in 30-35% of the patients within 2 years postoperatively. Factors that may contribute to the onset of capsular contracture are subclinical infection, undrained hematoma, seroma, and contamination of the operated area 6 . The technique of breast reconstruction with tissue expanders was introduced in 1980 by Radovan, and was refined by Argenta. In this technique, expander coverage depends on muscle or myocutaneous flaps because the surgery is aggressive, with extensive skin resection, resulting in the lack of skin for tissue closure. The expanders used have a smooth surface, and are indicated for all patients with good skin extension and soft tissue. The location of choice for expander placement is the submuscular cavity, with dissection and division of the pectoralis major parallel to the orientation of its muscle fibers and close to the fourth or fifth ribs. The upper dissection is facilitated whereas the lower and lateral dissections are difficult, because the anatomical bases are unclear. The lower dissection is performed less than 2 cm below the original inframammary crease, considering that the expander tends to rise during the expansion. Muscle fibers near the sternum are preserved, avoiding expander migration toward the medial portion. After the submuscular cavity is prepared, the expander is placed and is wholly or partly covered. Expanders with a textured surface enable better adherence to the surrounding tissues, preventing their migration or rotation. The expander volume is determined on the basis of the contralateral breast. The empty expander is placed in the submuscular cavity, and after muscle closure, it is inflated with 100-200 ml of saline solution, respecting the tissue expandability 8 . This technique has been defended by Guimarães et al. 9 , and has satisfactory results and complications comparable to those reported in the world literature.
The options for expander placement include positioning just below the pectoralis major, pectoralis minor, and serratus anterior with total muscle coverage, including these muscles and the rectus abdominis muscle sheath. This technique causes, as an undesirable effect, flattening of the inferior pole of the reconstructed breast 8 . When muscle flaps are unavailable, the lower portion of the expander can be covered with subcutaneously placed bioprosthetic materials such as AlloDerm 10 . AlloDerm is an acellular dermal matrix of sterilized cadaver skin without antigenic components, maintaining collagen, elastin, hyaluronic acid, fibronectin, proteoglycans, and vascular channels. This array is part of the receptor tissue, protecting the bottom of the expander 11 . In Brazil, the National Health Surveillance Agency (Anvisa) does not allow the marketing of AlloDerm, making its use unfeasible. Therefore, breast reconstruction is performed with Becker permanent tissue expanders and complete expander coverage by using a flap comprising the pectoralis major, pectoralis minor, serratus anterior, and anterior aponeurosis of the rectus abdominis.
The aim of this study was to report our experiences with the breast reconstruction technique involving Becker permanent tissue expanders and complete expander coverage with the muscle flap; here, we discuss the technical details and potential complications of the procedure.
METHODS
In this study, the medical records of 21 patients who underwent postmastectomy breast reconstruction with Becker permanent tissue expanders at our Service between January 2008 and June 2010 were retrospectively analyzed. The candidates for breast reconstruction were determined by the Mastology Service of the hospital, after considering the histopathological diagnosis and treatment plan or for avoiding multiple surgeries in at-risk patients (BRCA1 or BRCA2 positive).
During the preoperative visit, the patients were informed regarding the reconstructive procedure, reconstructive material, importance of the surgical procedures, occurrence of pain and other possible complications, and surgical limitations, and their signed consent was obtained. Preoperative examinations were performed according to age, the presence of comorbidities, the indicated expander volumes, and the need of symmetrization of the contralateral breast.
At our Service, Siltex Round Becker 50 expanders (Mentor Corporation) were used for breast reconstruction. These expanders have silicone gel in the anterior portion (50% of the device) and the posterior chamber (50% of the device) can be filled with saline solution through a remote valve. The total volume of infused saline solution was determined on the basis of the total volume of the expander, the size proposed to be achieved, and the volume of the contralateral breast, with 20% more expansion possible than the volume predetermined by the factory. In the contralateral breasts, breast implants were used and breast reduction with breast implants or mastopexy was performed, as needed.
The inclusion criteria for breast reconstruction with permanent tissue expanders were as follows: patients who underwent or were indicated for modified radical mastectomy due to breast carcinoma, and patients with high risk of developing breast cancer, with an indication of prophylactic adenomastectomy.
The exclusion criteria were patient's disagreement with undergoing breast reconstruction, presence of comorbidities with clinical or cardiological contraindications to the procedure, and patient's expectation of an unattainable result with the procedure during the preoperative assessment.
Surgical Technique
Modified radical mastectomy or prophylactic adenomastectomy was performed in one surgical session via an inverted-T or vertical incision according to the scar that would be used for contralateral breast symmetrization.
General anesthesia was used in all cases. The breast cancer specialist, along with the plastic surgeon, protected the flaps resulting from the mastectomy, avoiding possible skin damage. Breast retractors were not used, and skin flap thickness of 0.5-1 cm was maintained, preserving skin vascularity. The pectoralis major, pectoralis minor, serratus anterior, and anterior aponeurosis of the rectus abdominis were used for the muscle flap. The aponeurosis was dissected approximately 6-8 cm below the inframammary crease, making the flap longer and enabling lower suturing without tension in the inframammary crease. This maneuver also prevents disruption of the pectoralis major attachments, ensuring the availability of adequate lower tissue to cover the alloplastic material (Figure 1) .
The expander was entirely placed in the submuscular plane, followed by suturing from the anterior aponeurosis of the rectus abdominis to the location of the predetermined inframammary crease, achieving proper contour of the inferior pole of the reconstructed breast and breast expander protection. Then, the remote valve was connected to the expander hose, with the valve located laterally and inferiorly to the expander to avoid device puncture (Figure 2) .
The expander was initially not expanded to avoid tissue tension. The valve-expander assembly was tested to assess whether the system was operating properly, and then, saline solution with methylene blue was injected. This strategy helped to identify valve puncture during expansion, because a reflux of saline solution with methylene blue occurred during puncture, confirming the correct location for infusion. The muscle flap was sutured laterally by joining the pectoralis major to the pectoralis minor with 2-0 Monocryl thread. The lower portion of the flap, corresponding to the serratus anterior and anterior aponeurosis of the rectus abdominis, was sutured to the periosteum of the costal arch, to define the inframammary crease, with 2-0 Monocryl thread. The skin flap was closed in two planes with 2-0 and 3-0 Monocryl thread.
The expander cavity was emptied with a suction drain in a Porta-Vac-type closed system. The drain was maintained until the liquid output was less than 15 ml. Micropore dressings were placed on the incisions and in the chest tube, followed by coverage with gauze and a surgical bra (Figure 3) .
Prophylaxis against pulmonary thromboembolism was achieved with Kendall Ted compression stockings, intermittent pneumatic compression on the lower limbs, early strolling on the surgical day, and administration of low-molecularweight heparin 6 hours after the procedure.
The expansion sessions were started in the second postoperative week and were maintained until the total planned volume was achieved, according to the contralateral breast and patient's desires.
Selected Cases
A few representative cases are described in the following. Patient 3: A 35-year-old woman with cancer in the right breast who had undergone modified radical mastectomy with breast reconstruction and immediate contralateral breast symmetrization at another Service. She experienced expander loss in the right breast and ptosis of the contralateral breast. One year after the primary surgery, she sought repair at our Service. First, her right breast was reconstructed with a Becker permanent tissue expander and, in the second procedure, left adenomastectomy and breast reconstruction with a Becker permanent tissue expander were performed. Adenomastectomy was indicated by the oncologist because the patient had prognostic factors for triple-negative breast cancer. In the third procedure, the expander valves were removed and the right nipple-areolar complex was reconstructed (Figures 4 to 6 ).
Patient 9: A 38-year-old woman with bilateral breast cancer who underwent bilateral modified radical mastectomy and immediate reconstruction with Becker permanent tissue expanders (Figures 7 and 8 ).
Patient 12: A 29-year-old woman with lobular carcinoma in the right breast who underwent delayed breast reconstruction and left breast symmetrization (Figures 9 to 12 ).
Patient 19: A 42-year-old woman without breast cancer diagnosis but with biopsy showing atypical cells and a family history (her mother) of metastatic breast cancer. Bilateral prophylactic adenomastectomy was performed followed by immediate breast reconstruction with Becker permanent tissue expanders (Figures 13 to 16 ). Table 1 summarizes the demographic data, types of cancer, and breast reconstruction devices employed in the study.
RESULTS
The 21 patients were aged between 25 and 76 years: seven patients were aged 50-59 years, seven were aged 40-49 years, five were under 40 years, and two were over 60 years.
Regarding the types of cancer, seven patients had invasive ductal carcinoma, five had lobular carcinoma, five had invasive carcinoma, two had intraductal carcinoma, and two were not diagnosed with cancer but underwent prophylactic adenomastectomy because of their high risk of breast cancer, based on family history and genetic research.
Breast reconstruction with Becker permanent tissue expanders was immediately performed after mastectomy in 19 patients, and was delayed in only two. Symmetrization of the contralateral breast was not performed in three patients, as per their choice (three patients who underwent bilateral mastectomy and two patients who underwent prophylactic adenomastectomy).
The expanders were used for breast reconstruction and contralateral breast symmetrization as directed by the surgeon. Their volumes ranged from 300 ml to 400 ml; the volumes of the prostheses used for symmetrization ranged from 150 ml to 225 ml.
Two patients developed infection, one in the first postoperative week and the other in the third postoperative month, coinciding with the second session of chemotherapy. The patient with late local infection was asymptomatic, and the infection was attributed to decline in humoral immunity secondary to chemotherapy. In both cases, the expanders were removed and the patients were successfully treated with intravenous antibiotics. A 59-year-old patient with bilateral breast cancer showed dehiscence of the vertical scar along with expander exposure; the lesion was treated with a thoracic rotation flap, enabling coverage of the exposed area and a good outcome without signs of infection and harm to the reconstruction (Figures 17 to 19) . Two patients had seroma with negative cultures and were treated with local aspiration and corticosteroid infiltration after draining the lesion.
DISCUSSION
During muscle flap preparation, the dissection should be performed below the inframammary crease as preoperatively defined, aiming at full coverage of the alloplastic material used in reconstruction, encompassing the rectus abdominis aponeurosis from 6 to 8 cm below the inframammary crease and avoiding disruption of the pectoralis major muscle.
Bioprosthetic materials such as AlloDerm are not available in Brazil for expander coverage in its lower portion 8, 12, 13 . In addition to being a product without authorization from Anvisa for marketing and use in the country, it is expensive and not composed of autologous tissue, such as the rectus abdominis aponeurotic sheath, which has a lower complication rate and reduced operating costs.
Total expander coverage provides greater protection to the device in cases such as flap dehiscence or skin necrosis, maintaining the expander in the submuscular cavity and preventing infection, contamination, and loss.
The smaller superior detachment of the pectoralis major is justified by the large amount of lower tissue, which properly and completely covers the expander. Therefore, during expansion, lateral, medial, or upper migration of the expander does not occur and dressings with bandages in the upper thoracic region are not required to force the expander to remain in the lower chest region.
During dissection along the pectoralis major, the muscle fibers are weakened and not vascularized, increasing the possibility of wound dehiscence. With the transmuscular approach, detachment of the lower portion of the chest and repositioning of the inframammary crease are difficult, unlike when flap dissection is performed in the inframammary 14 , easy to learn, and simple to execute, with low morbidity and complication rates as well as good results, and prevents mutilation resulting from mastectomy. In our experience, the technique is adequate and the observed complications are inherent to any breast reconstruction after mastectomy.
Other studies should be conducted to improve the breast reconstruction techniques after mastectomy due to breast cancer.
CONCLUSION
The muscle flap based on the pectoralis major, pectoralis minor, serratus anterior, and rectus abdominis aponeurosis is a good choice for breast reconstruction with permanent tissue expanders. The technique provides adequate protection to the expander and the skin flap, enabling expansion without confinement of the device in the submuscular cavity. In this technique, the inframammary crease is repositioned by suturing the flap to the costal periosteum to ensure the natural shape of the reconstructed breast. In the expansion period, lateral or superior expander migration does not occur, which would harm the final outcome of the reconstruction. 
